In this paper, we reported an approach to fabricate PAN/ β -cyclodextrin ( β -CD) composite nanofibre with copper nanoparticles (NPs) grown on the surface by the simple electrospinning process. In the experiment, electrospinning method, soaking and adsorption method, together with reduction method were used to achieve the aim of coating. The final product was characterized using scanning electronic microscope (SEM), and fourier transform infrared spectroscopy (FTIR).
Introduction
Metal nanoparticles was known for their potential use as optical switches, components in biosensors, biological markers, nanoelectronic devices, and catalysts for many chemical and biochemical reactions according to the reports [1] . Copper catalyst would gradually become the most widespread catalyst for it was cheaper, more easily prepared and lower toxic than the other noble metal nanoparticles [2] . homogeneous method, sol-gel method [3, 4] , impregnation method were the common methods of synthesizing the copper nanoparticles. Copper catalyst can be used in various organicsynthesis reactions including Heck reaction, Coupling reactionand, Water-gas shift reaction, methano synthesis from CO or CO 2 [5, 6] , etc. So recently copper catalyst abstracted much attention for it's good property.
In our laboratory, we prepared a novel catalyst using the simple electrospinning method [7, 8] . The diameter of the nanofibres and the size of the copper nanoparticles could be well controlled [9] . This new material had the comprehensive advantage of the nanofibre and copper nanoparticles and could be used in many other fields besides chemistry catalyst.
There existed steady chemical bond between Copper atoms and PAN molecules or the cyclodextrin molecules. With this method copper nanoparticles were microspheric and had high superficial area. PAN nanofibers were thermostability and anticorrosion. So the usage rate of copper nanoparticles would be enhanced. This kind of catalyst was of high efficiency and could be cyclicly used. In a word , we explored the preparation and characterizing method of PAN/β-CD/Cu catalyst.
Experimental work

2.1.Matetials
PAN polymer (Mw=87, 000) was provided by Jilin Chemical Industry Co.(China). Cu(NO 3 ) 2 · 3H 2 O, β -CD and NaBH 4 was purchased from sinopharm Chemical Reagent Co.,Ltd.(China). N,N-dimethylformamide(DMF) was provided by Beijing Chemicals Co.(China). In all the experiments, the chemicals were of analytical grad and all the reagents were used as received without any further purification. Water used in the process was high purity water which was prepared in our own laboratory.
Preparation of PAN/DMF solution containingβ-CD of certain concentration
10 wt% of PAN solution was prepared by dissolving PAN in DMF. First, PAN polymer were dissolved overnight in DMF, andβ-CD power was added to produce the final concentration that contained 8 wt% of β-CD in the final solution.
Preparation of nanofiber mat by electrospinning
The viscous solution of PAN/β-CD,DMF composites was contained in a plastic syringe.The pinhead was connected to a high-voltage generator, an aluminum foil served as the counter electrode. Adense web of fibers was collected on the aluminum foil. The utilized electrical potential amounted to 15KV, the distance between t he capillary and the substrate electrode was 20 cm. The electrospinning process was performed at 20˚C.
The adsorption and reduction of copper nitrate molecule
The previously prepared composite nanofiber mat was put into 100 ml 0.2 mol/L copper nitrate water solution and left for 12 or 24 hours. Then the mat was taken out and put into the new NaBH 4 (0.3 wt%) water solution prepared. The original colour of the mat turned to brown immediately, indicating the reduction of the Cu 2+ irons. Then the final mat was washed with the distilled water for several times to remove any free irons and dried under vacuum at 35˚C for 24h at last. All the procedures are performed at room temperature except the last one.
Instrumentation and Measurements
SEM was performed on a Hitachi H-3400 electron microscope (150KV). FTIR spectra were taken with a Thermo Nicolet Nexus spectrometer and transmission spectra of the samples were obtained by forming fiber films. XRD data was collected on a Philips X'Pert diffractometer using Cu K α radiation( λ =1.5418). The measurements were made in reflection geometry, and the 2θ diffraction (Bragg) angles were scanned at a step of 0.02.Each data point was measured for at least 12s, and several scans were taken of the sample.
Results and discussion
The PAN/β-CD composite nanofibres has a good property of adsorption for the molecule of β -CD can shape chemical bond with Cu ions. FTIR absorption spectra (Figer.1) showed that β-CD was incorporated into PAN nanofibers already. The typical adsorption peak around 2245 cm -1 was due to the stretching vibration of nitrile groups (-CN-) in PAN chains, and the prominent peaks at 2930 and 1452 cm -1 attributed to the asymmetrical and symmetrical bending vibrations of methylene groups (-CH 2 -). Compared with the FTIR spectra of pure PAN nanofibers, PAN/β-CD composite nanofibers presented a peak with
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Advances in Chemical Engineering II relatively high intensity around 3451 cm -1 , which were the characteristic peaks of O-H. It also showed characteristic bending mode peak at 1049 cm -1 as C-O absorbtion, which indicated thatβ-CD was successfully introduced into the PAN/β-CD composite nanofibers. Fig 2. presented the images of PAN /β-CD nanofibres. As was shown in Fig.2A, B ,C and D, diameters of the PAN /β-CD nanofibres obviously increased with the concentration of theβ-CD increasing. The mean diameter was calculated using the weighted average method. The mean diameters of the PAN/β-CD nanofibres with 0,2,6,and 8 wt% ofβ-CD were 295nm, 387.1nm, 461.4nm, 716.6nm respectively. According to our study work, the size of the diameters would influence the adsorption property of the PAN/β-CD nanofibres. The bigger the diameters were, the better the adsorbtion property would be for this kind of nanofibre would provide enough space to the copper nanoparticles. The size of diameters and the copper nanoparticles were two important elements which could influenced the morphology of the catalyst. Concentration of 8%wtβ-CD is the most suitable for eletrospinning and adsorbtion. Fig. 3 (A) , Copper nanoparticles were coated homogeneously onto the surface of the nanofibres. The image of the SEM-EDX in Fig. 3 (A) . revealed that the nanoparticles coated were CuO. 
Summary
We successfully prepared PAN/β-CD nanofibres covered with metal Cu on their surface.β-CD was important for both forming bigger-diameter nanofibres and the adsorbion of the copper nanoparticles. The PAN/β-CD/Cu composite nanofibres have potential uses as catalyst, antibiosis material, semiconductor material and other applications. So the synthesizing of this material was of great importance.
